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Introduction 

Observation of solar cosmic ray fluxes at high heliocentric latitudes 
would provide several new dimensions in specifying important piysical 
processes in the solar atmospheire and in ter plane taty space. Valuable 
new approaches would be available for such problems as the stea^ state 
acceleration in the solar atmosphere, propagation of fast charged particles 
in the solar coronal magnetic fields and in interplane taiy space, the true 
interplanetary particle spectra free of transient solar influence, and accel- 
eration in interplanetary space by shock waves. For this brief review 
of what might result from a program of solar cosmic ray observations on 
"out-of-the-ecliptic" spacecraft the following outline will be used: 

A. Th'' magnetic fields of the Sun at high latitudes 

B. Propagation of fast charged particles in the solar corona and 
in interplanetary snace at high latitudes 

C. Origin of interplanetary particle populations 

D. Other particle phenomena in interplanetary space(e.g., accel- 
eration of shock waves) 

E. Effect of spacecraft mission characteristics on solar cosmic 
ray studies at high latitudes 
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A. Solar Coronal Magnetic Fields 

It is now well known that the magnetic fields close to the Sun 
control the intensities of charged particles that appear in interplanetary 
space. They do so in a variety of ways and to vazying degrees. For 
example, particles from flares near the East lim > are detected at central 
meridian and more westerly longitudes only several hours after the flare 
(Van Hollenbeke et al . , 1975). The measured low cross field diffusivity 
of the particles in inter planetary space requires that the diffusion occurs 
in' the corona. This is a reasonable requirement since hydromagnetic 
wave activity should be more intense in the solar corona and the wavelength 
of such waves can be of the size needed to effectively scatter solar flare 
particles. 

Energetic solar particles stream from the solar corona in high 
intensities for many days, even weeks, following large solar flares. In 
general terms, this basic observation means that there is a sequence in 
which the particles are first accelerated, then stored for some time in 
the solar corona, then released into in ter planetary space. The quantitative 
behavior of each of these steps is not well known and in fact is at the center 
of much controversy. For example, the acceleration may be essentially 
steady state and the storage transient. On the other hand there is the 
possibility that the acceleration is impulsive and the storage long term. 
Such a situation requires very low collisional energy losses, something 
that might be achieved in a "cosmic ray plasma" where all particles arc 
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energetic, approaching a Maxwellian distribution (Anderson, 1972). In 
either case the magnetic fields of the sun play a major role in each step 
of the three step sequence. All our experience with these processes has 
been in the magnetic fields of the solar activity zones. It seems unlikely 
that the full sequence of acceleration, storage and release takes place 
in the high latitude coronal fields. However, there are two inversely 
related questions of basic importance: 

1. Do solar particles, accelerated in the activity zones, propagate 

into the high latitude solar regions? 

2. Can we use the solar particles, if th^ do indeed move into 
the high latitude regions, as probes of the solar magnetic 
fields there? 

With these two questions as the basic motivation for solar cosmic 
ray studies at high heliographic latitudes, we next summarize some of 
the information now available on high latitude solar magnetic fields. 

Figure 1 is a photograph of the solar corona that shows the polar plumes. 
This old photograph is of interest because it shows an intermediate corona, 
the kind expected in the 1983 to 1985 period. The polar plumes have 
generally been considered to outline the magnetic fields over the Sun’s 
polar cap and their appearance suggests that the field lines in these 
high latitude regions are open Notice that the polar plumes appear only 
above latitudes of 50 to G0° . Because these field lines are so different 


from the activity zone and transition zone field lines, a strong impetus 



Is given to going to the highest possible solar latitudes in order to encounter 
a qualitatively different phenomenologjr. 

Magnetograph observations suggest that the S‘>;n's polar magnetic 
fields are not iiniform bundles of lines. Figure 2 shows measurements 
by Stenflo (1971) that lead to the following conclusions about the high altitude 
fields: 

1. Th^ are patchy with large regions (channels) of weak (less 
than 10 Gauss) fields. These channels extend from the poles 
down to latitudes less than 50° . 

2. The strengths in the i^trong field patches range from 10 to 20 
Gauss. 

Polarization methods of magnetic field determination (Charvin. 1971) 
indicate that the polar fields may not consist entirely of open field lines. 
Figure 3 shows the polar field topology based on the optical technique. 

On the other hand the Skylab coronograph shows U»e polar regions as 
large coronal holes which are evidently stable at least over the duration 
of the Stylab mission (Newkirk, 1975). This observation implies that 
most of the field lines over the poles are open. 

B, Solar Cosmic Ray Propagation at High Solar Latitudes 

A recent statistical study of solar flare cosmic ray events by 
Van Hollenbeke et al . (1975) has revealed that: 

1. The onset time of 20-80 MoV proton fluxes at Earth systemati- 
cally decreases with heliolongitude away from a minimum 
point at 50° ± 30° W of central meridian (I'igurc 4). 



2. The intensity of solar cosmic rays at Earth is strongly depen- 
dent on the distance in longitude from the flare site. The 
preferred connection region Is 20® W to 80® W longitude with 
some of the spread being due to the variable solar wind velocity. 

3. Flare sources on the back side can sometimes be identified 
by vezy large X-ray and radio emission regiors which extend 
above the limb. Particles from flares located away from the 
preferred longitude region as much as 150® are sometimes 
detected at Earth in this way. 

4. The energy spectra of the protons from individual flare events 
loct ted in the preferred connection region (20 to 80° W) are 
remarkably similar; most of these spectra are fit by power 
law exponents between -2 and -3, 1 (Figure 5). 

5. The energy spectra of flare parcicles measured near Earth 
changes systematically with distance from the preferred- 
connection longitude. At 40® E the range of power law 
exponents is -3.7 to -5.0 (Figure 5). 

The authors have eliminated interplanetary diffusion and adiabatic 
cooling as causes for the above observations. They explain the results 
in terms of energy dependent diffusion of the flare particles from the 
flare site through the coronal magnetic fields out to the spiral inter plane- 
tary field lines that connect to the observing site. The progressive softening 
of the flare particle energy spectra is attributed to the more rapid loss 
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of the higher energy particles onto spiral field lines leaving in the vicini^ 
of the flare site. The lower energy particles arc preferentially retained 
so that as the diffusing particle population ages, its average energy and 
spectral slope decreases. 

Such observations will make it possible to specify certain pl^sical 
conditions in the coronal regions, especialfy the particle diffusion coef- 
ficient. Experiments at lower energy can determine the total amoimt of 
matter traversed by the particles and thus a physical model of the diffusion 
in the high latitude corona can be built up. 

The out-of-the ecliptic missions offer the possibility of doing an 
analogous experiment in which latitude is the variable, thus complementing 
the longitude studies. In the latitude case the situation is even more 
complex but also should be more revealing about the spatial structure 
and characteristics of the solar coronal magnetic fields. To reach high 
latitudes, the particles will have had to propagate through the transition 
zone as well as appreciably into the polar fields. There are bound to be 
great surprises in such observations too far outside our present experience 
to anticipate. Nonetheless, Figure 6 attempts to qualitatively indicate 
what might be the outcome of solar cosmic ray observations at high latitudes. 

C. Origin of the Interplanetary Particle Populations 

Figure 7 shows the so-called quiet time proton energy spectrum in 
interplanetary space. At the lowest energy end there are the solar wind 
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protons. At high energies (greater than 10 GeV) the protons almost 
certainly belong to a galactic population of particles, and at the vety 
highest energies, the particles may even be intergalactic in distribution. 

In tVe range 30 MeV to abouc 10 GeV the protons are probably galactic 
but their intensify is strong^- modulated by the Sun's magnetized plasma 
wind, at least near the ecliptic plane. The range from 2 to 100 MeV has 
recently been studied extensive^ by the University of Chicago and 
Goddard Space Flight Center Groups. A detailed stuc(y by J. Kinsey (1970) 
is based on the hypothesis that the protons in the energy interval come 
from two distinct populations. Figure 8 shows some spectra in this 
energy region. Those observations may be represented by 

dJ/dE is the number of protons per square centimeter-steradian-second- 
MeV. F^, F^, s and g are parameters that give best fits to the obser- 
vations. It is fo’ind that F and s are highly variable while F and g 

s g 

vaiy much less. The interpretation is that the first term on the right 
hand side of Equation (1) represents a proton component of solar origin 
while the other term is presumed to be galactic in origin. 

No doubt the proton fluxes in this energy range will prove to be 
quite different when observed at high heliographic latitudes. There 
detectors presumably would be far removed from the solar source regions 
and the reduction of intensity in the galactic component by modulation 
should be much diminished. 
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Figure 9 shows the energy spectrum of electrons at times of 
lowest solar flare activity often referred to as the "interplanetary electron 
spectmim". As in the case of the protons, the highest energy electrons 
are presumed to fill the galai^, while the lowest energy electrons are 
known to be of solar origin — they are the solar wind electrons. Between 
these two components the situation is complicated, perhaps even more 
so than in the case of protons: 

1. The solar wind electrons have a non- Maxwellian tail at energies 

above about lOO eV. This tail appears to extend to 1 or 2 keV. 

-5. 1 

It can be described by a power law of E * . 

2. The non-Maxwellian becomes submerged in a new particle 

population which extends to about 1 MeV. This spectmm 

_3 

approximately follows the power law E . 

There appears to be no spectral flattening of the 2 keV 1 MeV 
component as there is in the case of the protons. 

The stucfy^ of the complex electron spectrum would be greatly 
advanced by observations at high solar latitudes. Much will be learned 
by investigating how the electron spectrum changes relative to the proton 
spectrum. 

Among the questions we can now pose about the interplanetary 
fluxes are: 

1. Will the medium energy component decrease significantly as 
the detectors move away from the active sunspot zones? 


ll.ilY OF TH« 
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. From observing such a change ^stematically with latitude 
can we learn more about the sources and the transport of the 
particles through the coronal magnetic fields at high latitudes? 

3. Can we identify a component that is generated by instabilities 
in the solar wind? Possibfy the 100 eV to 1 keV non- Maxwel- 
lian tail arises in this way. As the solar wind flow changes 
as a function of latitude does the character of the non-Maxwel- 
lian tail change? Possibly even the 2 to 10 keV region 
originates, at least in part, from internal energy sources 

of the solar wind by means of plasma microinstabilities. 

4. Is there an electron component, for example the 10 to 100 
keV region, which is supplied, at least in part, by strong 
cosmic X-ray sources? 

The high latitude electron and proton measurements will be free 
of planetary source effects: the Earth's bow shock and magnetosphere 
and Jupiter's magnetosphere. This is another important motivation for 
out-of-the ecliptic missions. 

D. Shock Waves and Other Interplanetary Phenomena 

A variety of complex energetic particle phenomena take place in 
interplanetary space. Although they must involve basic plasma processes 
they are not yet well understood. The motivation for further study is 
strong, however, since these processes must occur throughout our galaxy 
in systems of similar and larger scale sizes. 
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One such phenomenon is the acceleration of particles by shock 
waves of solar origin in inter plane taty space. Figure 10 illustrates 
this effect in a particular case. The important observational features 
in this event are (R. E. McGuire, Ph.D. thesis. University of California, 
Berkel^, 1976): 

1. The shock velocity was 520 km/p and the shock normal was 
close to the Sun- Earth line. 

2. Preceding the shock passage the electron and proton flux 
increased by a factor of 10 due evidently to a flare. 

3. Twenty minutes before the shock passage the protons above 
200 keV increased by a factor of 20. The flux maximum 
occurred about one gyroradius in front of the shock. A mo»'e 
gradual increase in the medium and high energy electron 
flux also occurred. 

4. Electrons 0. 5 to 14 keV increased 20-fold just behind the 
shock front. This flux increase may be associated with dissi- 
pation of energy by the shock. 

Although several detailed models for shock acceleration exist, 
none seem completely satisfactory. By observing shock effects on par- 
ticles at high solar longitudes where the characteristic of the interplane- 
tary field are presumably much different it should be possible to arrive 
at a satisfactory shock acceleration model. This is a problem ofiirst 
order importance to cosmic ray studies since shock acceleration occurs 
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in xnany cosmic systems. For example, shock waves probably play an 
important role in the production of energetic flare particles: shocks may 
accelerate the entire fast electron component. And it is known that 
shock waves cariy energy into interplanetazy space in amounts equal to a 
large fraction of the total flare energy (Hundhausen and Gentiy. 1969). 
There is still no satisfactoiy theoretical solution to the problem of mag- 
netic field line mergii^ as an energy source for flare phenomena and it 
thus becomes vitalfy important in the stu^y of the flare process to know 
as much as possible about shock acceleration. 

At high solar latitudes the magnetic field will make a smaller 
angle with respect to the solar wind flow direction, on the average, com- 
pared to lower latitudes. Also, one expects that the power spectrum of 
fluctuations in the interplanetary field to be considerably redu^'ed at high 
latitudes as compared to the latitude range of the activi^ zones. These 
differences can then be used to explain differences in the shock accelera- 
tion of particles as a function of heliocentric latitude. 

There seem to be several solar-interplanetary phenomena which 
emerge clearly during part of the solar cycle but then become less apparent 
or disappear later in the solar cycle. In his presentation at the ^mpo- 
sium Dr. Hundhausen (1976) mentioned such an effect in the solar wind. 
Another example is the abundance of long lived particle streams (recur- 
rence events) early in the solar cycle (McDonald and Desai, 1971). Yet 
another example is the elec Iron- proton "splitting" effect reported by 
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Lin and Anderson (1967). This effect occurs in solar co-rotating streams 
that appear near Earth one or two days following solar flares. The elec- 
trons in these streams are displaced to the west of the protons and thus 
are observed to pass over the detectors before the protons do. This time 
displacement is a few hours up to 10 hours (a few degrees in longitude). 

An example of electron- proton splitting is given in Figure 11. 

None of the proposed mechanisms has been shown to quantitatively 
account for this effect, and no explanation has been offered for their 
apparent disappearance later in the solar qycle. Lin and Anderson (1967) 
thought that the effect could be due to the larger drift velocities of the 
protons compared to the electrons (the larger gyroradius of the protons 
means that the protons sample aiijr gradients in the magnetic field to a 
greater extent). Jokipii (1969) proposed that the splitting can occur in 
interplanetary space due to combined gradient and curvature drift in 
the interplanetary magnetic field. 

One expects that these phenomena and perhaps others still unex- 
plained can be effectively studied by an out-of-the ecliptic mission. 

E. Jupiter Swing-by Out of the Ecliptic Missions 

For a two-spacecraft launch in late 1980 by a Titan-Centaur 
vehicle as described by the NASA -Ames Research Center group. Figure 
12 shows when the spacecraft would reach high solar latitudes with 
respect to the sunspot cycle. A 1980 launch is probably not ideal for solar 
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cosmic ray studies since the spacecraft arrive at high latitudes near the 
expected decline of solar cycle 21. However, it is worth noting that 
several very large flares occurred in this portion of solar cycle 20 
including the very great August, 1972 flares. The spacecraft remains 
above latitude 35° N and 35° S for somewhat more than 2 years. 

Figure 13 shows where the spacecraft are positioned in solar 
latitude on a Maunder' s butterfly diagram. This figure shows that there 
is some advantage in arriving at these high latitudes late in the solar 
<ycle since the activity zones have retreated toward the equator. 
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Figure Captions 


Figure 1. The intermediate solar corona. This photograph was taken 

following solar maximum and before solar minimum. At this time 
the polar plumes are clearfy visible. Their appearance suggests 
that the polar zone magnetic field lines do not close in the vicinity 
of the Sun. (Yerkes Observatory photograph. ) 

Figure 2. I^noptic charts of the polar magnetic fields H||/cos8. Solid 
lineu represent N polarity, dashed lines S polarity. The isogauss 
levels are 10 and 20 G. The areas covered by the observations 
are enclosed by curves with shadings on the outside, (a) North 
pole. Observations from August 1-23 1968. (b) South pole. 

Observations from July 31 -August 23, >8. (From J. O. Stenflo, 

Observations of the polar magnetic fields, in Solar Magnetic Fields 
(ed. R. Howard), D. Reidel Publ. lAU Symposium No. 43). 

Figure 3. Schematic map of the polar coronal magnetic fields (July 26, 
1970). The prominences and filaments observed on spectroheli- 
ograms are shown on the map. (From P. Charvin, Experimental 
study of the orientation of magnetic fields in the corona, in Solar 
Magnetic Fields (ed. R. Howard), D. Reidel, I.A.U. Symp. No. 43). 

Figure 4. The difference aT of the time between onset of 20-80 MeV 

m 

proton and maximum particle intensity is plotted as a function of 
the heliolongitude. The solid line is a least square fit through 
the data. It shows a minimum at ~ 50° ± 30° W of the central 
meridian. 
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Figure 5. Variation of the spectral index y in the 20-80 MeV range as 

P 

a function of the heliolongitude The open circles are 'long 
rise time events' with a rise time longer than 24 hours. For 
these events, effects of interplanetary propagation may be sig- 
nificant. The dashed countour lines enclose 92 % of all 
the other events. The solid line is a least square fit obtained for 
them. can be represented approximately by Yp^^Q^ “ 

2.7 [1 +AX/2]. 


Figure 6. This figure idealizes how solar flare particle fluxes might 

depend on latitude for various coronal magnetic field configurations 
which vary with heliographic latitude. 

Figure 7. The interplanetary quiet time proton spectrum is made up of 
several components: at the lowest energy the solar wind protons 
and at the highest energies, the galactic cosmic rays. In between 
is a spectrum which probably has solar origin. 

Figure 8. This figure shows the region of presumed overlap between 
interplanetary protons of galactic and of solar origin. 

Figure 9. The interplanetary quiet time electron spectrum is also made 
up of several components: the solar wind electrons at the lowest 
energies and the galactic component at the highest. Several com- 
ponents appear to exist at intermediate energy. Little is known 


about their origin. 



Figure 10. An interplanctaiy shock (speed 540 km/sec at 1 AU> that 
produced large effects on particles. Protons in the 0. 3 to 0. 5 
MeV range are swept up or accelerated hy the shock. A blanket 
of hot electrons appears just behind the shock possibly the result 
of energy dissipation by the shock. 

Figure 11. This figure shows an example of electron -proton splitting 
early in solar cycle 20. The particles arrive at Earth in a co- 
rotating stream but the electrons are displaced toward the West 
by a few degrees. The origin of this effect is not known and it 
appears to become less frequent later in the solar cycle. 

Figure 12. This figure shows that for certain Jupiter swing-by out-of- 
the-ecliptic missions launched in late 1980, the spacecraft will 
arrive at high (> 35®) latitudes in late 1983 and remain there for 
somewhat over two years. 

Figure 13. For the same missions the spacecraft is seen to rapidly 
rise past the sunspot zones which, late in the solar cycle, have 
moved close to the equator. 
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